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Abstract
Significance
Although Easy Clean in continuous rotation
showed no statistically significant difference at
the end of every procedure in comparison with
the other groups that promoted agitation of irri-
gating solution, Easy Clean showed higher debris
removal percentages, especially in the isthmus re-
gion in the apical portion.
Introduction: The aim of this study was to compare the
effectiveness of Easy Clean (Easy Dental Equipment,
Belo Horizonte, MG, Brazil) in continuous and recipro-
cating motion, passive ultrasonic irrigation (PUI), En-
doactivator systems (Dentsply Maillefer, Ballaigues,
Switzerland), and conventional irrigation for debris
removal from root canals and isthmus. Methods: Fifty
mesial roots of mandibular molars were embedded in
epoxy resin using a metal muffle; afterward, the blocks
containing the roots were sectioned at 2, 4, and 6 mm
from the apex. After instrumentation, the roots were
divided into 5 groups (n = 10) for application of the final
irrigation protocol using Easy Clean in continuous rota-
tion, Easy Clean in reciprocating motion, PUI, Endoacti-
vator, and conventional irrigation. Scanning electron
microscopic images were taken after instrumentation
and after the first, second, and third activation of irri-
gating solution to evaluate the area of remaining debris
with image J software (National Institutes of Health, Be-
thesda, MD). Results: The protocol of 3 irrigating solu-
tion activations for 20 seconds provided better cleaning
of the canal and isthmus. On conclusion of all proced-
ures, analysis of the canals showed a statistical differ-
ence only at 2 mm; the Easy Clean in continuous
rotation was more efficient than conventional irrigation
(P < .05). On conclusion of all steps, the largest differ-
ence was observed in the isthmus in which the Easy
Clean in continuous rotation was more effective than
conventional irrigation at the 3 levels analyzed and
the Endoactivator at 4 mm (P < .05). The PUI promoted
greater cleaning than conventional irrigation at 6 mm
(P < .05). There was no statistical difference between
Easy Clean in continuous rotation, Easy Clean in recipro-
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cating motion, and PUI (P > .05). Conclusions: Irrigating solution activation methods
provided better cleaning of the canal and isthmus, especially the Easy Clean used in
continuous rotation. The protocol of 3 irrigating solution activations for 20 seconds
favored better cleaning. (J Endod 2017;43:326–331)

Key Words
Dentin debris, endodontics, scanning electron microscopy, ultrasonics
In addition to shaping theroot canal, the aim of
chemical-mechanical
preparation is to eliminate
vital or necrotic tissue, mi-
croorganisms and their
products, and dentin
debris resulting from
instrumentation (1). How-
ever, in the majority of

cases, complete elimination is difficult to achieve in the anatomically complex areas of
the root canal system that are frequently inaccessible to the action of instruments (2, 3).

Among the anatomically complex areas, we highlight the isthmuses, defined as
narrow extensions between 2 canals capable of harboring microorganisms and dentin
debris resulting from instrumentation. These areas are difficult to access, making it
challenging to clean them, and when this is not achieved, it may lead to endodontic treat-
ment failure (4, 5). Therefore, irrigation plays a determinant role in cleaning both the
main canal and isthmus. For this, 2 factors are important: penetration of the irrigant into
all extensions of the root canal and the ability to penetrate into areas that are
inaccessible to endodontic instruments (6, 7).

The method most used for irrigation is the conventional type with the use of an
irrigating cannula with the front extremity or side coupled to a syringe. However,
this method is extremely limited for cleaning the apical portion and areas such as isth-
muses (5, 8). Therefore, new resources have emerged, and 1 of these devices is the
sonic Endoactivator (Dentsply Maillefer, Ballaigues, Switzerland); this device has
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flexible polymer tips with 3 different diameters (15/02, 25/04, and 35/
04), with the aim of promoting sonic agitation of the irrigant within the
root canal in order to make cleaning more effective (9, 10).

Another resource is passive ultrasonic irrigation (PUI) for agita-
tion of irrigating solutions, which uses an insert coupled to the ultra-
sound and induces the formation of cavitation and acoustic waves,
improving the irrigant properties and cleaning ability in anatomically
complex areas (11, 12).

Recently, a new plastic instrument (acrylonitrile butadiene sty-
rene) called Easy Clean (Easy Dental Equipment, Belo Horizonte,
MG, Brazil) was developed; it is similar to a rotary endodontic instru-
ment, and its active part is in the shape of an ‘‘aircraft wing.’’ The
size of this device is 25/04, and it is recommended for use in recipro-
cating motion; it has shown good results in cleaning the mesial canal
walls of mandibular molars with root curvature (13). However, in
this particular study, the instrument was operated in reciprocating mo-
tion and analyzed only for cleaning the dentin wall of the main canal and
not the interior of isthmuses.

A pilot study was conducted comparing 2 kinematics using the
Easy Clean system (continuous rotation and reciprocating motion)
for debris removal from the inner grooves of artificial acrylic teeth; it
showed greater effectiveness when it was used in a rotary movement
at low speed. In view of the foregoing and taking into account the impor-
tance of cleaning the areas of the isthmus, the aim of this study was to
evaluate the capacity for dentin debris removal from the canal and the
isthmus of the mesial root of mandibular molars provided by conven-
tional irrigation, Endoactivator, PUI, Easy Clean in continuous rotation,
and Easy Clean in reciprocating motion. The null hypothesis was that
there would be no difference between these systems in the ability to
clean the canal and isthmus, and the number of activations would not
increase the cleaning capacity.

Methods
Sample Size Estimation

The sample size was calculated by using the G*Power v3.1 for Mac
(Heinrich Heine, Universit€at D€usseldorf) program and selecting the
Wilcoxon-Mann-Whitney test of the t test family. From data obtained
in a pilot study with 20 teeth, the mean and standard deviation were
used, and the effect size was established (ie, 1.25). The alpha type error
of 0.05, a beta power of 0.80, and an N2/N1 ratio of 1 were also stip-
ulated. A total of 10 samples per group were indicated as the ideal size
required for noting significant differences.

Selection and Preparation of Teeth
Fifty mesial roots of mandibular molars that had a curvature not

exceeding 5� and a completely formed apex were selected. The roots
were examined by computed microtomographic imaging (SkyScan
1174; SkyScan, Aartselaar, Belgium) with a 19-mm voxel size, 50 kV,
800 mA, 0.8 rotation step size, and 1024 � 1304 resolution to verify
the presence of the isthmus in apical millimeters 2, 4, and 6 so that
only isthmuses classified as type II according to Hsu and Kim (14)
were used. After coronal access, the working length was established
by inserting a #10 K-file (Dentsply Maillefer) until its tip was observed
in the foramen through a stereomicroscope (Stemi 2000C; Carl Zeiss,
Jena, Germany) and decreasing 1 mm. After this, the root apex was
sealed with utility wax.

Initially, a 2-piece metal muffle was made of aluminum according
to the Bramante et al (15) methodology, allowing it to be disassembled.
Transparent epoxy resin (Redelease, S~ao Paulo, SP, Brazil) was put into
this muffle, and then the tooth was inserted into it up to the cementoe-
namel junction. After resin polymerization, the muffle was opened, and
JOE — Volume 43, Number 2, February 2017
the block with the tooth in it was removed. Markings were made corre-
sponding to 2, 4, and 6mm from the apex, and then cross-sectional cuts
were made through these areas by using a 0.3-mm-thick diamond disc
coupled to an Isomet cutter (Buehler, Lake Bluff, IL). The sections ob-
tained were put into an ultrasonic bath with distilled water for 7 minutes
to remove the debris originating from the cut. The sections were reas-
sembled in the muffle, and the canals were instrumented with the Re-
ciproc R25 system (VDW GmbH, Munich, Germany) in reciprocating
motion complemented with the Mtwo 35/04 system (VDW GmbH) in
continuous rotation, both driven by an electric motor (VDW GmbH).
During instrumentation, the canals were irrigated with 5 mL sodium hy-
pochlorite 2.5% (Super Globo, Rio de Janeiro, RJ, Brazil) using a 30-G
Navitip needle (Ultradent, South Jordan, UT) inserted at the working
length of 3 mm. After chemical-mechanical preparation, the sections
were removed, and images were taken by scanning electronmicroscopy
in the low vacuum mode (Aspex Express; Fei Europe, Eindhoven,
Netherlands). After obtaining the images, the sections were mounted
in the muffle, and teeth were randomly divided into 5 groups of 10 teeth
each according to the irrigation agitation system:

1. The Endoactivator group: 2 mL sodium hypochlorite 2.5% was
applied in the canals by using a syringe with a 30-G Navitip needle,
and then the solution was activated in each canal for 20 seconds us-
ing the 25/04 tip of the Endoactivator system at 2 mm from the work-
ing length. This procedure was repeated 2 more times with a total of
6 mL sodium hypochlorite and 1 minute of sonic activation. Subse-
quently, the canals were irrigated with 2 mL saline solution.

2. The ultrasound (PUI) group: the procedure was similar to that used
in the Endoactivator group, but the agitation was performed at 2 mm
from the working length with the ultrasound insert Irrisonic 20/01
(Helse Dental Technology, Santa Rosa de Viterbo, SP, Brazil)
coupled to an ultrasound unit (Gnatus Medical and Dental Equip-
ment Ltda, Ribeir~ao Preto, SP, Brazil) in the Endo function and po-
wer setting of 2 according to the manufacturer’s recommendations.

3. The Easy Clean in continuous rotation group: the procedure was
similar to those used in the previous 2 groups, but the activation
was performed at 2 mm from the working length using the Easy
Clean instrument size 25/04 coupled to the counter-angle and oper-
ated with a micromotor at approximately 20,000 rotations per min-
ute (KaVo Kerr Group, Charlotte, NC).

4. The Easy Clean in reciprocating motion group: the procedure was
similar to Easy Clean in the continuous rotation group; however,
an electric motor (VDW Silver, VDW GmbH) in reciprocating move-
ment (Reciproc function) was used to agitate the irrigant solution.

5. The conventional irrigation group: 2 mL sodium hypochlorite 2.5%
was applied in each canal with a 30-G Navitip needle at 20-second
intervals at 2 mm from the working length without agitating the irri-
gant solution. Then, the same procedure was performed—irriga-
tion 2 times and at the end the canals were irrigated with 2 mL
saline solution.

In all studied groups, the sections were dismantled after each
agitation; images were taken by scanning electron microscopy in the
low vacuum mode at the end of the entire procedure, making analysis
in a total of 4 different time intervals: after instrumentation and after the
first, second, and third steps of agitation.
Analysis of the Images
The images were analyzed with Image J software (National Insti-

tutes of Health, Bethesda, MD), calculating the total area of debris in
the canal and the isthmus after instrumentation and the value of the
area with dentin debris present in the canal and the isthmus after
New Mechanical Irrigating Agitating Devices 327
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each of the steps of agitation. Afterward, the percentage of debris re-
maining in the canal and the isthmus after each agitation in each group
was calculated, taking into consideration the amount of debris present
after instrumentation. To evaluate the area of debris of the canal and the
isthmus, outlines of the mesiobuccal and mesiolingual canals and the
isthmus were traced to determine the area of debris of the respective
regions.

The Shapiro-Wilk test was used to verify the normality of the data,
and absence of normality between values was found. The results of the
percentage of dentin debris in both the canal and the isthmus were
compared using the Kruskal-Wallis and Dunn tests for analysis between
groups and the Friedman and Dunn tests for intragroup analysis. The
level of significance was set at 5%.

Results
Table 1 shows in percentages the values of the median, mini-

mum, and maximum of debris remaining in the isthmus after the first,
second, and third steps of irrigating solution agitation with the
different systems used in the study. None of the systems were shown
to be capable of completely eliminating the debris in this region in all
specimens. However, there was a decrease in the amount of debris as
the number of agitation steps increased, irrespective of the level
analyzed. At the end of the 3 agitations, Easy Clean in continuous rota-
tion was shown to be more efficient than conventional irrigation at 2,
4, and 6 mm; it was also better than the Endoactivator at 4 mm
(P < .05). Ultrasound was more efficient than conventional irrigation
at 6 mm (P < .05) and did not differ statistically from the Endoacti-
vator and Easy Clean in continuous rotation and reciprocating motion
(P > .05).

Table 2 shows the values of the median, minimum, and
maximum percentage of debris remaining in the root canal after
the first, second, and third agitation steps with different systems. Un-
like the situation observed in the isthmus region, at 6 mm the ultra-
sound group and Easy Clean were able to completely eliminate the
debris after 3 agitation steps in some specimens. As occurred in
the isthmus region, there was a gradual reduction in debris as the
agitation steps were performed, irrespective of the millimeter
analyzed. At the end of 3 agitation steps, a statistical difference was
observed only at 2 mm where the Easy Clean system in continuous
rotation was more efficient than conventional irrigation (P < .05).
Easy Clean in continuous rotation, Easy Clean in reciprocating motion,
the Endoactivator, and PUI presented no statistical differences at the
end of every procedure (P > .05). Figure 1 shows representative im-
ages after instrumentation and after the first, second, and third agita-
tion steps of the different systems used.

Discussion
This study evaluated cleaning of the canal and the isthmus pro-

vided by different irrigant agitation systems (Easy Clean in continuous
rotation and reciprocating motion, ultrasound, Endoactivator, and
conventional irrigation). Based off of the results, the hypothesis tested
was rejected because there was a difference between the methods of
agitation with regard to cleaning of both the canal and the isthmus,
there were different levels of analysis, and the higher number of
agitation steps increased cleaning of both the canal area and the
isthmus.

The methodology of the muffle used in this study was first
described by Bramante et al (15) and has been used in other studies
that analyzed both the canal preparation and cleaning. It is a method-
ology that enables analysis of the same area at different stages of instru-
mentation and cleaning (16–18). Previous scanning of the teeth by
328 Duque et al. JOE — Volume 43, Number 2, February 2017
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computed microtomographic imaging allowed the groups to be paired
for the type of isthmus (II) and its location (2, 4, and 6 mm). Other
studies have used volumetric analysis using computed
microtomographic imaging (19, 20); however, because the
radiopacity of human tooth dentin is the same as that of dentin
debris, not all devices are able to perform this analysis.

Some studies have shown that conventional irrigation techniques
have limited ability to remove dentin debris, especially in anatomically
complex areas, corroborating the results of this study (21–23). This
makes it necessary to use an auxiliary method in the cleaning
process, with the aim of potentiating the removal of organic and
inorganic substances from the canal and anatomically complex
regions, such as the isthmus.

The canal cleaning results obtained in this study on the conclu-
sion of every procedure showed that the debris removal capacity was
similar for all systems, except in the 2-mm portion (apex) where the
Easy Clean in continuous rotation was more efficient than conventional
irrigation (P < .05). Easy Clean in reciprocating motion showed no
statistically significant difference with the other studied groups as
opposed to the situation recently observed by Kato et al (13) in which
the Easy Clean was more efficient than PUI. This may have occurred
because of the type of analysis performed. Although Kato et al analyzed
the cleaning of irregularities in curved root canal walls, in this study
only the cleaning in the main root canal was analyzed without curva-
ture. It is important to observe that the percentage of dentin debris
remaining in the canal after 3 agitation steps was significantly lower
than it was in the isthmus, corroborating the results obtained by Ad-
cock et al (21).

Regarding the results found in the isthmus region at the end of
every procedure, the Easy Clean system in continuous rotation showed
superior efficiency in removing debris in comparison with conven-
tional irrigation at the 3 levels analyzed (P < .05). Despite the Easy
Clean in continuous rotation having presented lower percentages of
remaining debris than the Endoactivator, PUI, and Easy Clean in recip-
rocating motion, there was no statistical difference between them
except at 4 mm where the Easy Clean in continuous rotation was better
than the Endoactivator (P < .05). In the literature, no study was found
evaluating the cleaning effectiveness of Easy Clean in the isthmus to
enable comparison with the results of this study. However, the litera-
ture has shown the importance of cleaning the previously mentioned
areas, and, if this is not achieved, it may lead to the failure of endodon-
tic treatment (4).

The use of the Easy Clean system operated in continuous rotational
motion was supported by a pilot study that showed greater effectiveness
than when the Easy Clean system was operated in reciprocating move-
ment. Despite no statistically significant results being shown between the
kinematics used with Easy Clean, a lower percentage of remaining
debris was observed when Easy Clean was used in continuous rotation.
This probably happened because of the difference in rotational speed
that produced turbulence of the irrigating solution, favoring debris
removal from the isthmus. Furthermore, as the results showed, the
agitation occurs throughout the instrument, thereby promoting similar
cleaning all along the canal (13).

In the literature, there is no consensus about PUI promoting better
cleaning of the root canal system than conventional irrigation. Although
there are studies showing that PUI improved canal cleaning (23–25),
other studies have shown no difference between these 2 methods of
irrigation (26–28). These different results are probably caused by
the different methods used as well as some important factors that
must be considered (eg, the direction of oscillation of the ultrasonic
insert; 29). In the present study, despite showing no significant differ-
ence at 2 and 4 mm, a lower percentage of debris remaining in the
New Mechanical Irrigating Agitating Devices 329



Figure 1. Representative images of the canal and isthmus region at 2 mm after instrumentation and after the first, second, and third agitations of the different systems
used: Endoactivator (EA), ultrasound (US), Easy Clean in continuous rotation (ECC), Easy Clean in reciprocating motion (ECR), and conventional irrigation (C).

Basic Research—Technology
isthmus was observed at the end of the 3 agitation steps with PUI when
compared with conventional irrigation.

With regard to the number of activations, when 3 agitation steps
were used, better cleaning was found for all the systems analyzed. These
results corroborate the findings of van der Sluis et al (11), who found
the need for 3 agitation steps lasting 20 seconds, with renewal of the
irrigant solution to achieve a better cleaning of both the canal and
the isthmus, indicating the presence of a cumulative effect.
330 Duque et al.
Conclusions
Based on the results obtained and within the limitations of the

methodology used, the authors of this study concluded that the methods
with agitation of the irrigating solution promoted better cleaning of the
canal and the isthmus, especially with the Easy Clean system used in
continuous rotation and at low speed. It is necessary to perform 3 irri-
gant agitation steps of 20 seconds each to ensure better cleaning of the
canal and isthmus.
JOE — Volume 43, Number 2, February 2017
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